INTRODUCTION
Cryptosporidiosis is a disease caused by the coccidian parasite Cryptosporidium spp, a minute protozoal organism. [1] The disease has been of increasing interest due to its opportunistic potential in immunocompromised patients, particularly in those with HIV/AIDS. Globally the pandemic of HIV is among the significant health challenges of humanity with Sub-Saharan Africa severely affected.
[2] In Nigeria, 3.5 million people are HIV-infected making Nigeria third worldwide. Diarrhoea is a major cause of morbidity and mortality in people with HIV. This is so because these individuals are at a higher risk of acquiring opportunistic infections than the normal population because of immunosuppresion. [3] Cryptosporidial diarrhoea in HIV/AIDS patients is particularly debilitating because of its prolonged course and severe watery stools which may last for months. [4] Diarrhoea is usually self-limited in immunocompetent individuals or in those with CD4 cell counts greater than 200/mm 3 , but may be severe, unremitting or relapsing in severely immunodeficient patients with CD4 cell counts less than 100/mm 3 . [5] The prevalence of cryptosporidiosis in developing countries is known to vary. [6] [7] [8] [9] [10] [11] [12] A high prevalence rate of 52.7% was reported in South-western Nigeria among HIV patients with diarrhoea. [13] However, with the widespread use of highly active antiretroviral therapy (HAART) the prevalence of cryptosporidiosis has been noted to decrease. A study in Brazil showed a marked reduction in the prevalence of cryptosporidial infection after introduction of HAART (8.1% before HAART and 0% after HAART). [14] There is paucity of information on prevalence of cryptosporidiosis after introduction of HAART in South-western Nigeria and also risk factors predisposing to it.
Against this background and in addition to generation of data that will enhance the management of HIV-infected patients, this study was aimed at determining the prevalence of cryptosporidiosis with the introduction of HAART among patients attending OAUTHC, assessing factors predisposing to the development of this infection in HIV-infected patients as well as comparing Modified Ziehl-Neelson staining and Cryptostrip kit in the diagnosis of cryptosporidiosis.
METHODOLOGY
Approval was obtained from the Research and Ethical Committee of Obafemi Awolowo University Teaching Hospitals Complex (OAUTHC), Ile-Ife for the study. In addition to this, informed consent was also obtained from the subjects. This study was conducted at the Department of Medical Microbiology and Parasitology, Obafemi Awolowo University (OAU), Ile-Ife, Osun State, Nigeria. The study population were adult HIV-infected patients attending the Virology research clinic of OAUTHC, Ile-Ife and the participants were randomly selected.
It is a cross-sectional study and 226 consenting adult HIV-infected patients attending the HIV clinic, OAUTHC Ile-Ife were recruited between April and June 2013. Sample size was calculated using the formula: n=Zp 2 q/e 2 . Children that are HIV-positive, adult diabetic patients and adult patients on cytotoxic or immunosuppressive therapy were excluded from the study.
With the aid of a self administered questionnaire, relevant demographic information was obtained from the subjects who satisfied the inclusion criteria. The questionnaire was used to assess the socioeconomic status of the patients. Questions on housing structure, occupation, water supply, toilet facilities, and contact with animals were included.
Stool samples were collected from each subject that has been diagnosed as HIVinfected into a clean dry universal bottle and were transported promptly to the laboratory. The sample was examined macroscopically and direct smear samples of the stool was made with both saline and iodine mounts on clean grease-free slides and examined under the microscope, first with 10x and then 40x objectives, for ova and cysts of parasites. [15] The stool samples were concentrated using the formol-ether concentration method. [15] "Detection of Cryptosporidium oocysts in the concentrated stool was done using the Modified Ziehl-Neelson staining technique". [16] A smear of the concentrated stool was made on a clean dry grease-free slide and after drying, fixed in methanol for 2-3 minutes. The slide was immersed in cold concentrated carbolfuchsin and stained for 15 minutes. It was then thoroughly rinsed under running tap water and decolourised in 1% hydrochloric acid for 10-15 seconds. After rinsing in tap water, the slide was counter-stained with 0.5% malachite green for 30 seconds. The slide was afterwards air-dried and observed using the light microscope with 40x objective for the presence of Cryptosporidium oocysts which and was also viewed under the oil-immersion objective.
Detection of Cryptosporidium-specific antigens in fresh stool faecal specimens was also carried out using the Cryptostrip kit which is an immunochromatographic test. [17] The test was performed according to the manufacturer's instructions (CORIS Bioconcept, Belgium). Fifteen drops or 0.5 mls of the dilution buffer was put in a tube. Two loops of watery stool or a loop of formed stool was put in the tube containing the dilution buffer. The stool sample was then mixed thoroughly in the buffer. The strip was then dipped in the preparation and left to react for 15 minutes. The strip was then removed and the result read. A negative result was recorded when a reddish-purple line was observed at the control line position (upper line) with no other band present while a positive result was recorded when in addition to the reddish purple line at the control line; a visible reddish-purple band appeared at the test line position.
Ethical Standards
The study was approved by the ethical committee of the institution and all procedures contributing to this work complied with the ethical standards of the institution and with the Helsinki Declaration of 1975, as revised in 2008.
Statistical analysis
Data entry and processing were done using the SPSS version 17 computer software. Data were analysed using descriptive statistics. Chisquare test was also carried out where applicable. A p-value of <0.05 was considered to be statistically significant.
RESULTS

Age
and sex prevalence of cryptosporidiosis in HIV-infected patients Two hundred and twenty six (226) adult HIV infected patients participated in the study. Out of these, 10(4.4%) were positive for cryptosporidiosis on the basis of diagnosis using the modified acid fast staining technique. There were 4 (1.8%) males and 6 (2.7%) were females. The age range of the study population was 18-70 years with the age group 31-43 having the highest prevalence, 5 (2.2%) as shown in the table 1.
Socio-demographic characteristics and their association with cryptosporidiosis
The socio-demographic characteristics of the study population and their association with cryptosporidiosis are as shown in Table 2 . One hundred and eighty-seven of the study population were females and thirty-nine were males. Gender was not significantly associated with cryptosporidiosis (χ 2 =3.563, p=0.059). Religion (χ 2 =0.129, p=0.719) and marital status were not significantly associated with cryptosporidiosis. Occupation-wise, being an artisan was significantly associated with cryptosporidiosis (p=0.023). All other forms of occupation were not found to be significantly associated with cryptosporidiosis (p > 0.05).
Housing structure with toilet type and association with cryptosporidiosis Housing structure was not significantly associated with cryptosporidiosis (p>0.05). One hundred and six (47%) out of the study population used pit latrine but this was not significantly associated with cryptosporidiosis (p = 0.600). This is shown in the table 3.
Source of water and association with cryptosporidiosis
Majority of the study participants used well water as their source of water. One hundred and seventy-eight (78.8%) use well water but this was not significantly associated with cryptosporidiosis (p=1.000). Boiling or not boiling of water was also not significantly associated with cryptosporidiosis (χ 2 =0.034, p=0.853). This is shown in the table 4.
Exposure to pets and cryptosporidiosis
Exposure to chicken was the commonest among the study population; 98 (43.4%) out of the study participants. None of the patients was exposed to cats. However, exposure to dogs and goats were found to be significantly associated with cryptosporidiosis (p=0.009 and 0.003 respectively) (table 5) .
Multivariate analysis
The risk factors that were significantly associated with cryptosporidiosis in the study were chosen to do multivariate analysis of the risk factors. 
The oocysts of Cryptosporidium spp.
Oocysts of Cryptosporidium spp. as found in specimens from samples collected were seen under the 40x objective of the microscope. The oocysts appeared red against the green background of the counter-stain Malachite green. This is shown figure 1. 
DISCUSSION
The study population consisted of 226 HIVinfected patients of which 39 (17.3%) were males and 187 (82.7%) were females. The mean age of the study population is 40.9±10.6 years. This study shows that 10 (4.4%) of the patients investigated had cryptosporidiosis. This low prevalence is in agreement with studies in various other centres with prevalence rates of 3.9% and 5.7% respectively. [8, 12] However, the prevalence varies from one study population to another. The mean prevalence of cryptosporidiosis in HIV-infected patients in the United States of America and Europe is estimated to be about 10-15% while it is 30-50% in patients with AIDS in developing countries. [13] This is likely due to availability and easy access to HAART plus the high level of hygienic practices in the developed countries. Also differences in study populations have accounted for the varying prevalence of cryptosporidiosis among HIVinfected patients. However, high prevalence rates were obtained from several studies carried out in Africa. Most of these studies actually investigated HIV-infected patients with diarrhoea. It is known that cryptosporidial infection causes severe, chronic and debilitating diarrhoea in HIV-infected patients with CD4 counts less than 200 cells/mm 3 . A prevalence of 52.7% was reported in Osun state, [14] Nigeria; this is quite high, though the study was carried out on HIV-infected patients with diarrhoea and it was not specified in the study whether they were on HAART or not. It is known that there is no effective treatment for cryptosporidiosis and HAART is known to increase the level of immunity and brings about reduction in susceptibility to opportunistic infections that HIV-infected patients are vulnerable to.
This study also assessed the risk factors predisposing to the development of cryptosporidiosis among these patients. Several factors were investigated to determine their association with cryptosporidiosis. It is interesting to note that out of all the factors that were assessed, exposure to dogs (p= 0.040, OR= 4.563, C.I= 1.073-19.401) and goats (p= 0.016, OR= 6.258, C.I= 1.415-27.666) were found to be significantly associated with cryptosporidiosis by multivariate analysis. This further establishes the fact that cryptosporidiosis can be transmitted zoonotically. Zoonotic transmission may also occur from household pets. Numerous potential animal sources have been found to be infected with Cryptosporidium. For example, in Brazil, [15] 10% of animals including dogs and goats have been found to be infected with cryptosporidiosis and these animals also served as reservoir of infection for humans. The species of Cryptosporidium that usually account for infection in humans are C. parvum and C. hominis. However, Cryptosporidium species found in dogs (C. canis) and cats (C. felis) have similarly been found to cause infection in humans especially the immunocompromised. [8] [9] [10] Being an artisan was also found to be significantly associated with cryptosporidiosis (p= 0.030, OR= 4.143, CI= 1.197-18.071 ). This could probably be due to low standards of hygiene among this group of people. Other factors that were considered in this study that could predispose to the development of cryptosporidiosis were not found to be significantly associated. These factors include source of water, whether water is boiled or not, housing structure, toilet type, CD4 count, HAART therapy and duration of HAART therapy (p> 0.05). In this study, the patients were categorized into two groups based on the CD4 count; those who had CD4 counts less than 200 cells/mm 3 [7] However, cryptosporidiosis can occur at any level of immunity because it affects both immunocompetent and immunocompromised hosts but it is known to cause a self-limiting infection in the immunocompetent. It is also interesting to note that all the patients who had cryptosporidiosis in this study were asymptomatic. They did not present with diarrhoea which is the usual clinical manifestation of cryptosporidiosis. This has also been reported in literature. [19] This establishes the fact that these carriers who were asymptomatic are potential sources of infection because of continuous shedding of Cryptosporidium oocysts into the environment.
Out of the 226 patients that participated in the study, 10 (4.4%) were positive for cryptosporidiosis by the modified acid-fast staining method. Another method that was employed in making a diagnosis of cryptosporidiosis in this study was the cryptostrip kit. The cryptostrip kit is an immunochromatographic technique which can detect C. parvum oocysts antigen directly in faeces. This test was carried out on fresh faecal samples collected from the patients. Out of the 226 participants in the study, 18 (8%) were positive for cryptosporidiosis with the cryptostrip kit. The sensitivity and specificity of the cryptostrip kit is 60% and 94.4% respectively.
Prior studies however, had shown that immunological methods of detecting cryptosporidial antigen in stool samples as rapid tests are becoming more popular and they have an advantage over the modified acid-fast staining technique. 20 The sensitivity of the cryptostrip kit is 60% which means it is able to detect approximately twothirds of the patients with cryptosporidiosis. This is comparable to the findings of Agnamey et al. [21] who reported a sensitivity of 47.2% for the cryptostrip kit in a study carried out to evaluate four rapid immunochromatographic methods in diagnosing cryptosporidiosis. Despite the high specificity of the kit (94.4%), the sensitivity is low. This is also similar to the findings of Agnamey et al. [21] The reason for this is not clear but it may be due to technical reasons. The positive and negative predictive values of the cryptostrip kit are 33.3% and 98.1% respectively. A possible explanation for this is because of the low prevalence of cryptosporidiosis obtained in this study.
CONCLUSION
In conclusion, the results of this study showed a prevalence of 4.4% for cryptosporidiosis among the HIV-infected patients. These patients did not have diarrhoea and had CD4 counts greater than 200cells/mm 3 . This establishes the fact that these patients are carriers and are potential sources of infection to others. The study also shows that HIVinfected patients still have a risk of acquiring cryptosporidiosis particularly when exposed to dogs and goats and by being an artisan.
RECOMMENDATIONS
There is a need to educate these patients on sanitary disposal of faeces, washing of hands and maintaining high level of hygiene. Patients also need to be educated to wash their hands before and after contact with these domestic animals. There is also need to examine the stool samples of the implicated pets (dogs and goats) to ascertain whether they are infected with cryptosporidiosis.
